This paper presents a centralized anti-islanding method on large-scale PV power plants. Contrast to traditional perturbation technology based on single photovoltaic inverter, this method employs a centralized protection device to inject current disturbance onto the photovoltaic power plants, and the measurements of the high-frequency reactance is used to identify islanding. Defects of active islanding detection method for multiply parallel photovoltaic inverters are analyzed. Simulation results demonstrate the effectiveness of the technique for islanding identification of large-scale photovoltaic power plants.
Introduction
Environmental disruption of traditional energy caused an increased application of large-scale renewable power plants. Integration of solar and wind energy to power system has remarkable influences, including increased reliability, reduced line losses and peak-frequency modulation. On the other hand, some problems may be generated. One of the most critical concerns is islanding detection. Unintentional islanding is a condition in which a portion of the distribution network comprising local loads and one or more distributed generation (DG) systems remain energized while isolated from power system. Based on IEEE Std. 929-2000 and IEEE Std. 1547-2003 [1, 2] , an unintentional island should be detected within 2s. Therefore, a fast and accurate islanding detection method is required.
At present, the anti-islanding protection of photovoltaic (PV) power plants mainly depends on PV inverter. The grid-connected inverter determines whether the islanding occurs by injecting perturbations, then detects whether the outlet voltage and current signal exceed a predetermined threshold. However, power quality deterioration and increased dead zone may result from a large number of inverters working at the same time. Furthermore, there are technical difficulties that achieving anti-islanding protection and low voltage ride through (LVRT) in the same PV inverter.
In this paper, a centralized anti-islanding method based on both passive and active methods is presented, that is accomplished by a dedicated anti-islanding protection device on large-scale renewable power plants. The proposed method is based on high-frequency reactance calculation, which is a better scheme than above mentioned methods when applied on large-scale renewable power plants. PV The parallel connected PV inverters are independent of each other. The traditional active anti-islanding methods introduce disturbances into grid from single PV inverter output, which amplify the changes of magnitude or frequency. The output of each inverter needs to provide a perturbation according to its corresponding control strategy. Different types of perturbation superimpositions are introduced, due to the PV inverters, which commonly come from different manufacturers in large-scale PV power plants. Therefore, the following problems may be present:
• Disturbance of different types is diluted. The corresponding electrical quantity cannot exceed the threshold, resulting in multi-device islanding detecting failure.
• Disturbance of same types is weak. The disturbance quantity cannot make the corresponding electrical quantity exceeding threshold value, resulting in islanding detecting failure.
• When the disturbance of the same type is strong, the power superimposed by dozens of inverters may cause significant changes of the voltage amplitude or frequency, which produce power quality problems, moreover, cause protection malfunction.
In large-scale PV power plants, the traditional distributed active islanding detecting strategy based on separated inverters may lead to anti-islanding failure and deterioration of power quality due to the inconsistencies of the disturbed perturbation signals.
Failure analysis of active islanding detection method based on single PV inverter
Active islanding detection methods commonly make use of variations of reactive power or frequency accomplished by a PV inverter. The perturbations purposely injected may break the power balance between the DG and the local loads. Reactive-frequency feedback method is used as an example to illustrate the defect of active islanding detection method based on single PV inverter. Reactive-frequency feedback method is based on measured frequency difference between grid and point of common coupling (PPC), which controls the inverter to generate specific reactive power. In grid-connected operation, the two frequencies are close to each other, thus the reactive power output is approximately zero. In islanding operation, the generated reactive power is amplified by the feedback coefficient, controlled by PV converter depending on the frequency difference. The control algorithm is:
Q inv is the reactive power output by the inverter, k is the frequency feedback coefficient, f a is the measured frequency of main grid, and f g is rated frequency.
The frequency of PCC will only have a small offset even if the islanding power matching degree is high. The PV inverter will output a certain reactive power, resulting in an increasing reactive power mismatch under the action of the feedback coefficient. Then the frequency quickly exceeds the threshold. However, this method may have NDZ when the PV inverters running in parallel.
Centralized Anti-Islanding Method
Active islanding detection methods commonly make use of variations of reactive power or frequency accomplished by a PV inverter. The perturbations purposely injected may break the power balance between the DG and the local loads. Reactive-frequency feedback method is used as an example to illustrate the defect of active islanding detection method based on single PV inverter. Main principle. Unified disturbance signals are injected into grid from PPC by centralized injection device, which avoids the interference between multiply inverters. The overall scheme is showed in figure 2 . The inverter disturbance mode is turned off. Yet the centralized disturbance mode independent of each power source is installed. The system has only one unified source of disturbance. The generation and injection of the disturbance are controlled by concentrated injection device, which is independent of the inverter. The proposed method can be applied to multi-inverter power supply system. The centralized device injects the disturbance signal into the system. The response of the system is collected during the injection process by centralized protection device through monitoring the zero-crossing point of PPC. The high-frequency reactance is used to amplify the characteristic difference. Furthermore, the islanding state identification is performed by certain logic criterions. Perturbation Injection Method. The perturbation source is accomplished by single-phase full-bridge inverting circuit, which is connected with a large coupling inductor. The value of the coupling inductance is related to the voltage and the required disturbance current. The grid-connected switch controls the connection between the disturbance generator and the system.
A pulse of triangle current wave is generated from the coupling inductance through the breaking changes of IGBT. The pulse width is controlled by the pulse width of the disturbing current signal. Yet the value of the DC voltage and the coupling inductance L is used to control the peak value of the disturbance current signal. The perturbation injection signal is intermittent, which can reduce the disturbance to the system than the specific frequency harmonic continuous injection strategy. The waveform is showed as figure 3 . The frequency spectrum of injected perturbation is showed as figure  4 , which contains continuous frequency components. A zero-crossing injection method is used as the main injection strategy by monitoring the voltage of PCC, through which the pulse of triangle current wave is injected at each zero-crossing point. The dynamic zero-crossing injection method can improve the signal-to-noise ratio and the accuracy of the impedance analysis calculation, which is realized by maximizing the voltage component of the original system. Furthermore, zero-crossing injection method can reduce the required disturbance injection level, which is unlike traditional specific frequency harmonics that require sustained injection. High-Frequency Reactance Measurement Algorithm. High-Frequency reactance measurement methods for islanding detection are all based on the change of reactance as viewed from the injection device when islanding occurs. In general, the reactance increases after islanding forms. Indirect methods inject a high frequency signal through a triangular current signal. This high frequency signal is expected to be more significant after the grid is disconnected. Direct methods directly measure the reactance by injecting a controlled disturbance. For centralized injection method, a large change in current is required to evaluate the reactance changes.
High-frequency reactance is used as the feature quantity of the isolated islanding, which improves the accuracy and sensitivity of the measurement. The difference between the characteristic values before and after islanding is amplified by the high frequency level, which greatly weakens capacitive reactance. Thus better linear relationship of frequency-domain is achieved, which is used to calculate the average of specific frequency reactance, rather than calculating directly. The triangular current signal wave injected into the system is rich in high frequency components. Assuming that the system impedance changes linearly in the frequency domain, the system is equivalent to short-circuit. High-frequency reactance of the system can use the time-frequency domain transformation measurement.
Simulation of proposed method
A large-scale multiply PV parallel system is established to verify the reliability of centralized injection perturbation method based on high-frequency reactance measurement. Different control strategies are used based on different K p and K i parameters. The output of PMSGs is set as 0.9 times to rated power respectively, which is matched perfectly to the local load. The islanding occurs at 5s, while the total simulation time is 10s. The results are showed as figure 5 . The result shows that the change of high-frequency reactance is 34.1%, which is higher than the set threshold value of 15%. The proposed method can quickly and reliably detect islanding statement. For testing the impact of the proposed method on the power quality of the system, the harmonic content is compared with the figure 6. Blue solid line is the voltage harmonic of PCC when no injection, while red dotted line is for the injection signal. For facilitating harmonic contrast, 50Hz fundamental component content has been removed. The voltage harmonics are mainly concentrated in the low frequency nearly 3k Hz without injection, which is electronic devices switching frequency approximately. After the disturbance signal is injected, the harmonic content is slightly increased between lower frequency band (around 500 Hz) and high frequency band (greater than 3.5k Hz). However the impact on THD is not significant, which proves that the proposed method does not affect the system Power quality during normal operation.
Conclusion
In this paper, a new anti-islanding technique has been demonstrated both practically and in simulation. The failure of traditional active islanding detection method based on single PV inverter is analyzed. The high-frequency reactance is applied to perturbation calculation, which is used for centralized anti-islanding detection. Simulation results demonstrate the effectiveness of the technique for islanding identification of large-scale PV power plants. 
